Abstract. The hydraulic parameters are important for the numerical computation in which hydraulic conductivity is one of the most frequent. The horizontal component of hydraulic conductivity could be obtained with field trial. And the vertical component is usually computed with the horizontal one by dividing a constant. However, this procedure always generates significant errors which are illustrated by the theoretical analysis and numerical comparison study. For practical engineering application, a brief algorithm to compute the vertical conductivity is proposed and checked by a numerical model.
Introduction
Hydraulic conductivity, symbolically represented as K, is a property of soils and rocks that describes the ease with which a fluid (usually water) can move through pore spaces or fractures. It depends on the intrinsic permeability of the material, the degree of saturation, and on the density and viscosity of the fluid [1] . The hydraulic conductivity is often considered as a vector in 3-D space and the horizontal component and the vertical one are different.
In practical groundwater engineering, the hydraulic conductivity is one of the most important parameters concerned to the computational accuracy. The horizontal conductivity could be obtained with field trial while the vertical one could not. And the vertical one is used to be computed with the horizontal one by dividing a constant, 2-10. However, the vertical one is usually much less than one tenth of the horizontal one when two or more materials are defined as one aquifer. Then, the vertical conductivities of those aquifers become larger and the hydraulic conductivities of aquitard, including horizontal component and vertical one, becomes less. In the other situations, the vertical conductivity of one model is assigned larger which make the fluxes through aquitard much larger. To solve this problem, the models with different materials are researched by theoretical and numerical computation.
The parameters for different materials
The hydraulic conductivity of aquifers is a complex physical quantity. It varies with the materials, the fracture development, the geologic structure and a lot of factors. In this study, we consider mainly the materials. And for different materials, we used the empirical value by Zheng [2] as shown in Table 1 . The scope data is recomposed form Zheng and Bennett (2002). The selected value with the middle exponent will 5th International Conference on Environment, Materials, Chemistry and Power Electronics (EMCPE 2016) be used in the following computation.
For different materials, the ratios of vertical and horizontal conductivities are also different. Fetter [3] and Weeks [4] have researched the ratio with gravels and sands which are between 2 and 20. Kong [5] and many other engineers [6] discussed that ratio with clay. Its vertical conductivity is almost one fourth or tenth of that horizontal one. With the loess, the ratio is obvious different. The vertical one is bigger that are twice or triple horizontal conductivity [7] [8] [9] . And in the plain area, many researches have checked that it is reasonable for the ratio, one tenth, with single material [10] [11] [12] . In this study, we apply one fifth as the ratio for each single material.
Theoretical analysis
In theory, the vertical conductivity could be computed considering each material parameter with the following equation that
where K v is the vertical conductivity of the whole aquifer and K vi is the vertical conductivity of material i, l i is the thickness of material i and n is the number of materials. With the drill column as shown in Table 2 , two aquifers and one aquitard are constructed. With the empirical conductivity and the ratio of vertical and horizontal conductivities of each material, the vertical conductivity of each aquifer and the aquitard could be computed according to equation (1). The corresponding data are shown in Table 3 . In Table 3 , the huge errors of vertical conductivity computed by conventional procedure are illustrated. With equation (1) and Table 3 , we could draw a conclusion that the vertical conductivity of an aquifer is mainly determined by the material with minimum vertical conductivity. Considering that the conductivities of different materials varies with exponent, when the thickness of the material with minimum vertical conductivity is not much less, the vertical conductivity of an aquifer could be computed briefly with that single material as
where m is the number of materials whose vertical conductivity is K vi . Table 4 . This comparison illustrates the huge error caused by the conventional procedure to compute vertical conductivity and the effectiveness of the brief algorithm, equation (2) . Table 4 The fluxes across the aquitard and the corresponding error 
Numerical models

Conclusion
The conventional procedure to compute vertical conductivity form horizontal one by dividing a constant is not scientific and could generate huge errors. Only when the aquifer includes one single material, it could be valid. For general aquifers with different materials, the vertical conductivity could be computed briefly by the material with minimum vertical conductivity as shown in equation (2) .
